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PROCESS FOR TREATING wAsTE WATER 

I INDUSTRIAL APPLICATION OF THE 
INVENTION 

This invention relates to a process by which waste 
water containing at least two kinds of components 
among suspended solids (hereinafter referred to as 
“SS”), ammonia and chemically oxidizable substance 
(hereinafter referred to as “COD components”) is sub 
jected to a combination of wet oxidations, anaerobic 
process and/0r aerobic process. 

PRIOR ART AND ITS PROBLEMS 

For the control of water quality, it has been thought 
increasingly important in recent years to remove from 
waste water nitrogen components (particularly ammo 
nia nitrogen) as well as COD components. In view of 
such situation, we conducted various experiments and 
extensive research and developed practical processes 
for treating waste water which are capable of decom 
posing the COD components and ammonia contained in 
the waste water for removal (Japanese Examined Pa 
tent Publications Nos. 42992/ 1981, 42391/ 1982, 
33320/1982, 27999/1983, 19757/1984, 19757/1984, 
29317/1984 and 49073/1984, US Pat. Nos. 4,141,828, 
4,294,706, 4,699,720, etc.). However, when waste water 
to be treated contains SS in a concentration of as high as 
about 500 ppm to tens of thousands ppm, the unreacted 
SS (including sludge) tend to deposit on the surface of 
catalyst particles packed in the treating apparatus, re 
sulting in, for example, increased pressure loss and re 
duced activity of catalyst. Accordingly it is necessary to 
remove SS partly or wholly from the waste water prior 
to the treatment depending on the concentration and 
composition of the solids. 
The above treatments tend to entail another disad 

vantage. Since the sludge components in the waste 
water are markedly decomposed by the liquid phase 
oxidation in the presence of a catalyst, a high tempera 
ture and/or pressure must be employed and an in 
creased amount of catalyst must be packed in the reac 
tor depending on, e.g. the kind of waste water, concen 
tration of sludge components in the waste water and the 
desired degree of water quality. Consequently the treat 
ments may be economically disadvantageous. 

Japanese Examined Patent Publication No. 
25838/ 1988 discloses a process in which waste water to 
be treated is subjected to anaerobic treatment after liq 
uid phase oxidation in the presence of an oxygen-con 
taining gas. The process, however, has the following 
problem. Components which are difficult to decompose 
biologically, such as high-molecular weight substances, 
remain in the treated water after liquid phase oxidation, 
and ammonia and like nitrogen-containing compounds 
can not be decomposed. Thus the process requires an 
additional step of treating these components. 
When waste water containing SS in a high concentra 

tion is treated by a biological treatment process cur 
rently in wide use, the treatment is carried out after 
removing the major portion of SS, or the solids are 
withdrawn after treatment as excess sludge from the 
treating apparatus and disposed of by incineration, fu 
sion, dumping into sea, land?ll or the like or utilized as 
a fertilizer. The overall amount of sewage industrially 
and municipally produced from the treatment of waste 
water and the waste from sewage treatment plants is 
increasing year after year. To overcome this problem, it 
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is desired to find out a measure for minimizing the 
amount of sludge produced or to be treated and to de 
velop an effective method for treating with economical 
feasibility the sludge being continuously accumulated. ' 

MEANS FOR SOLVING THE PROBLEMS 

In view of the state of the art, we continued research 
efforts to improve the aforesaid prior art techniques in 
an attempt to devise processes for treating waste water 
which are capable of simultaneously decomposing the 
suspended solids in a high concentration as well as the 
other components contained in the waste water. Our 
continued research has revealed that the object can be 
achieved by combining a liquid phase oxidation in the 
absence of catalyst, a liquid phase oxidation in the pres 
ence of catalyst supported by a particulate or granular 
carrier and a biological process. This invention has been 
accomplished based on this ?nding. 
According to the present invention, there are pro 

vided: 
(I) a process for treating waste water by wet oxida 

tions which contains at least two components among 
suspended solids, ammonia and COD components, the 
process comprising the steps of; 

(i) subjecting waste water to liquid phase oxidation in 
the absence of a catalyst and in the presence of an oxy 
gen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxygen-con 
taining gas and a catalyst supported by a granular car 
rier and comprising at least one of iron, cobalt, manga 
nese, nickel, ruthenium, rhodium, palladium, iridium, 
platinum, copper, gold and tungsten and compounds 
thereof insoluble or sparingly soluble in water, 

(iii) subjecting the treated water from the step (ii) to 
anaerobic digestion by anaerobic methane fermentation, 
and (iv) returning the excess sludge from the step (iii) to 
the step (i) (hereinafter referred to as “process I”), 

(II) a process for treating waste water by wet oxida 
tions which contains at least two components among 
suspended solids, ammonia and COD components, the 
process comprising the steps of; 

(i) subjecting waste water to liquid phase oxidation in 
the absence of a catalyst and in the presence of an oxy 
gen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxygen-con 
taining gas and a catalyst supported by a granular car 
rier and comprising at least one of iron, cobalt, manga 
nese, nickel, ruthenium, rhodium, palladium, iridium, 
platinum, copper, gold and tungsten and compounds 
thereof insoluble or sparingly soluble in water, 

(iii) subjecting the treated water from step (ii) to 
aerobic treatment by an activated sludge method, and 

(iv) returning the excess sludge from the step (iii) to 
the step (i) (hereinafter referred to as “process II”), and 

(III) a process for treating waste water by wet oxida 
tions which contains at least two components among 
suspended solids, ammonia and COD components, the 
process comprising the steps of; (i) subjecting waste 
water to liquid phase oxidation in the absence of a cata 
lyst and in the presence of an oxygen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxygen-con 
taining gas and a catalyst supported by a granular car 
rier and comprising at least one of iron, coblat, manga 
nese, nickel, ruthenium, rhodium, palladium, iridium, 
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platinum, copper, gold and tungsten and compounds 
thereof insoluble or sparingly soluble in water, 

(iii) subjecting the treated water from the step (ii) to 
anaerobic digestion by anaerobic methane fermentation, 
and 

(iv) subjecting the treated water from the step (iii) to 
aerobic treatment by an activated sludge method, and 

(v) returning the excess sludge from the steps (iii) and 
(iv) to the step (i) (hereinafter referred to as “process 

III”). 
The ammonia contained in the waste water to be 

treated by the processes of the present invention in 
cludes ammonium compounds capable of forming am 
monium ions when dissociated in water. The COD 
components present in the waste water to be treated in 
the present invention include phenols, cyanides, thi 
ocyanides, oils, thiosulfuric acid, sulfurous acid, sul 
?des, nitrous acid, organic chlorine compounds (tri 
chloroethylene, tetrachloroethylene, tri-chlorethane, 
methylene chloride, etc.) and the like. The term “sus 
pended solids” used throughout the specification and 
the appended claims refers to the substances speci?ed in 
I IS K 0102, suspended solids prescribed for the sewage 
test method by Japan Municipal Water Association and 
other combustible solids (e. g. sulfur). 
The processes of the invention are suitable for treat 

ing waste water containing two or three kinds of the 
foregoing components (ammonia, suspended solids and 
COD components). Examples of such waste water are 
sewage sludge, concentrated liquid of sewage sludge, 
sludge from industrial waste water, human waste, waste 
water resulting from desulfurization and from removal 
of cyanide, gas liquor from coal gasi?cation and lique 
faction processes, waste water from heavy oil gasi?ca 
tion process, waste water produced in food processing 
plants, waste water produced in alcohol manufacturing 
plants, waste water discharged from chemical plants, 
biomass in wet state, etc. to which, however, the waste 
water to be treated by the processes of the invention is 
in no way limited. 
The process of the invention will be described below 

in detail. 
(1) Process I 
In the ?rst step of the process I (hereinafter referred 

to as “step l-(i)”), the waste water to be treated is sub 
jected to liquid phase oxidation in the presence of an 
oxygen-containing gas without a catalyst. Examples of 
oxygen-containing gases are air, oxygen-enriched gases, 
oxygen and oxygen-containing waste gases such as 
those containing at least one of hydrogen cyanide, hy 
drogen sul?de, ammonia, sulfur oxides, organic sulfur 
compounds, nitrogen oxides, hydrocarbons, etc. The 
oxygen-containing gas is supplied in an amount corre 
sponding to about 1 to about 1.5 times, preferably about 
1.05 to about 1.2 times, the theoretical amount of oxy 
gen required for the oxidation of the whole amounts of 
ammonia, suspended solids and COD components in the 
waste water (or in the waste water and waste gas) to 
nitrogen, carbon dioxide, water and the like. The use of 
an oxygen-containing waste gas as the source of oxygen 
is advantageous in that the harmful components in the 
gas can be rendered harmless along with those con 
tained in the waste water. If the absolute amount of 
oxygen present in the oxygen-containing gas used is 
insufficient, the gas is replenished with oxygen by sup 
plying air, oxygen-enriched air or oxygen per se. The 
oxygen~containing gas need not be fed wholly to the 
waste water in the step I-(i) and may be supplied as 
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distributed to the step I-(i) and the subsequent step. For 
example, the oxidation reaction in the step I-(i) can 
usually decompose about 10 to about 90% of suspended 
solids, about 10 to about 60% of COD components and 
up to about 15% of ammonia so that an oxygen-contain 
ing gas may be sent to the step I-(i) in an amount corre 
sponding to about 0.4 to about 0.8 times the theoretical 
oxygen amount, leaving the remaining amount for fur 
ther feed to the subsequent step. The reaction in the step 
I-(i) is carried out at a temperature of usually about 100° 
to about 370° C., preferably about 200 to about 300° C. 
With the increase in reaction temperature, the oxygen 
content in the gas to be fed and reaction pressure, the 
decomposition efficiency of the components is in 
creased with solubilization of suspended solids, the 
residence time of waste water in the reactor is reduced, 
and the reaction conditions in the subsequent step is 
rendered moderate, but the installing cost rises. Accord 
ingly the reaction temperature and other conditions are 
determined in view of the kind of waste water, reaction 
conditions of subsequent step, desired degree of treat 
ment and overall operating and installing costs all com 
bined. The reaction pressure is such that the waste 
water can at least retain its liquid phase at the predeter 
mined temperature. The reaction time is variable de 
pending on the size of the reactor, the water quality of 
waste water, temperature, pressure and other factors, 
etc., but usually in the range of about 15 to about 120 
minutes, preferably about 30 to about 60 minutes. The 
reaction time is much shorter than the liquid phase 
oxidations described in the prior art literature such as 
the above-mentioned Japanese Examined Patent Publi 
cation No. 19757/1984. The shorter reaction time at 
tained in the invention is attributable to the biological 
treatment performed in the processes of the invention. 

Subsequently in the second step of the process I 
(hereinafter referred to as “step I-(ii)”, the water from 
the step I-(i) is subjected again to liquid phase oxidation 
in the presence of a catalyst supported on a granular 
carrier. Examples of active components of useful cata 
lysts are iron, cobalt, manganese, nickel, ruthenium, 
rhodium, palladium, iridium, platinum, copper, gold, 
tungsten and compounds thereof insoluble or sparingly 
soluble in water such as oxides thereof, ruthenium di 
chloride, platinum dichloride and like chlorides, ruthe 
nium sul?de, rhodium sulfide and like sul?des, etc. At 
least one of them is supported on the carrier. The active 
components of the catalyst are used as supported in a 
conventional manner by alumina, silica, silica-alumina, 
titania, zirconia, activated carbon or like particulate or 
granular carriers, nickel, nickel-chromium, nickel 
chromium-iron or like metallic porous particulate or 
granular carriers. The term “granular” used herein 
includes various shapes such as globules, pellets, cylin 
ders, crushed fragments, powders, etc. The amount of 
the active components to be supported by the carrier is 
not specifically limited but usually about 0.05 to about 
25% by weight, preferably about 0.5 to about 3% by 
weight, based on the weight of the carrier. All catalysts 
to be used in the present invention as well as the catalyst 
useful in the step I-(ii) car be prepared by conventional 
methods, for example, by causing a carrier to support 
the active component of catalyst thereon or by mixing a 
material for the active component of catalyst with a 
carrier material, shaping the mixture into the desired 
shape, drying the shaped body, reducing the same if 
required, and baking it. The reactor column has a vol 
ume such that the waste water is passed therethrough at 
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a space velocity of about 0.5 to about 12 l/hr, prefera 
bly about 1.0 to about 4 l/hr, based on an empty col 
umn. When the required oxygen amount is supplied 
wholly to the waste water in the step I-(i) as stated 
above, an oxygen-containing gas need not be fed in the 
step I-(ii). In other words, only when the required oxy 
gen amount is supplied partly in the step I-(i), the oxy 
gen-containing gas is fed in an amount corresponding to 
the remaining oxygen amount to the step I-(ii). The 
reaction temperature in the step I-(ii) is usually about 
100° to about 370° C., preferably about 200° to about 
300° C. The reaction pressure is such that the waste 
water can at least retain its liquid phase at the predeter 
mined temperature. The reaction time in the step I-(ii) is 
variable depending on the kind of waste water to be 
treated, reaction temperature, pressure and the like. If 
the reaction time is excessively extended, even the or 
ganic material to be fermented in the anaerobic methane 
fermentation at the ensuing step is completely oxidized 
to carbon dioxide gas. Thus, care should be taken to 
retain carboxylic acid of 5 carbon atoms or less. In this 
way, SS and COD components are at least partly de 
composed in the step I-(ii) and the high-molecular 
weight substances and biologically scarcely decompos 
able substances in the remaining portions of the SS and 
COD components are reduced in molecular weight to 
convert themselves into substances easily decomposable 
by bacteria and high in reaction rate during anaerobic 
methane fermentation or aerobic treatment by activated 
sludge method. The ammonia is substantially decom 
posed. 
The waste water treated in the step I-(ii) may contain 

a decomposition product such as sodium sulfate and the 
like. If the decomposition product from the step I-(ii) is 
likely to decrease the efficiency of treatment in the 
subsequent step for anaerobic digestion, the water is fed 
from the step I-(ii) in a pressurized state directly to a 
reverse osmosis equipment wherein the water is sepa 
rated into clear water and concentrated liquid. The 
clear water can be reused for a variety of applications, 
e.g. as industrial water and the like, and concentrated 
liquid can be mixed with the starting waste water for 
treatment according to the process of the invention, or 
can be processed for recovery of sodium sulfate or like 
useful materials. When the treated water contains in 
combustible ash, the ash is separated by a ultra?lter, 
membrane ?lter, sedimentation separator or the like 
before the water is sent to the next step. 

In the third step (iii) of the process I (hereinafter 
referred to as “step I-(iii)”), the treated water from the 
step I-(ii) is subjected to digestion by conventional an 
aerobic methane fermentation method. In this treat 
ment, the temperature of warm treated water from the 
step I-(ii) is effectively utilized for the anaerobic fer 
mentation, whereby a highly efficient high-temperature 
fermentation can be conducted economically and the 
biologically easily decomposable substance produced in 
the preceding step can be treated in a short time. While 
the treatment conditions in the step I-(iii) are not speci? 
cally limited, usually the treating temperature is about 
35° to about 60° C., the digesting time is about 1 to about 
30 days, and the concentration of sludge is about 2 to 
about 5%. 
The excess sludge from the step I-(iii) is returned to 

the step I-(i) in the fourth step in the process I (hereinaf 
ter referred to as “step I-(iv)”) wherein the sludge is 
treated again as mixed with the waste water to be 
treated in this step. 

O 
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(2) Process II 
In the first step of the process II (hereinafter referred 

to as “step II-(i)”), the waste water to be treated is 
subjected to liquid phase oxidation in the absence of a‘ 
catalyst and in the presence of an oxygen-containing gas 
under the same conditions as those in the step I-(i). 
A catalyst is used in the second step of the process II 

(hereinafter referred to as “step II-(ii)”). Examples of 
catalysts useful in this step include the same as those 
usable in the step I-(ii). The reaction conditions in the 
step II-(ii) can also be the same as those in the step I-(ii). 

In the third step of the process II (hereinafter referred 
to as “step II-(iii)”), the treated water from the step 
II-(ii) is subjected to aerobic treatment by a conven 
tional activated sludge method. The treatment condi 
tions in the step II-(iii) are not speci?cally limited, but 
usually the treating temperature is about 20° to about 
40° C., the residence time is about 3 to about 24 hours 
and the pH is in the neighborhood of neutrality. 
The oxygen in the exhaust gas from the oxygen-con 

taining gas used in the step II-(ii) may be used as the 
oxygen required for aeration in the step II-(iii). 
The excess sludge from the step II-(iii) is returned in 

the fourth step of the process II (hereinafter referred to 
as “step II-(iv)”) to the step II-(i) wherein the sludge is 
treated again together with the waste water to be ini 
tially treated. 

(3) Process III 
In the ?rst step of the process III (hereinafter referred 

to as “step III-(i)”), the waste water to be treated is 
subjected to liquid phase oxidation in the absence of a 
catalyst and in the presence of an oxygen-containing gas 
under the same conditions as those in the step I-(i). 

In the second step of the process III (hereinafter 
referred to as “step III-(ii)”), the water from the step 
III-(i) is subjected again to liquid phase oxidation in the 
presence of a catalyst which is of the same type as those 
used in the step I-(ii). The reaction conditions may be 
the same as those in the step I-(ii). 

In the third step of the process III (hereinafter re 
ferred to as “step III-(iii)”), the treated water from the 
step III-(ii) is subjected to digestion by an anaerobic 
methane fermentation method as done in the step I-(iii). 

If the treated water from the step III-(iii) fails to 
comply with standards for water quality, standards for 
discharge of waste water or like official standards, the 
water is subjected to aerobic treatment by a conven 
tional activated sludge method in the fourth step of the 
process III (hereinafter referred to as “step III-(iv)”). 
The treatment conditions in the step III-(iv) are not 
specifically limited but usually the same as in the step 
II-(iii). 
The excess sludge from the steps III-(iii) and III-(iv) 

is returned to the step III-(i) in the ?fth step of the 
process III (hereafter referred to as “step III-(v)”) and is 
treated again together with the waste water to be ini 
tially treated. 

In the steps I-(i), I-(ii), II-(i), II-(ii), III-(i) and III-(ii), 
the liquid phase oxidations favorably proceed when the 
waste water to be treated or the treated water has a pH 
of about 5 to about 10, preferably about 6 to about 9. 
Consequently the waste water to be treated in the step 
(i) of each process may be adjusted to a suitable pH 
depending on the kind of waste water, for example, 
with addition of an alkali substance such as sodium 
hydroxide, sodium carbonate, calcium hydroxide or the 
like, an acidic substance such as sulfuric acid. Alterna 
tively the treated water fed to the steps I-(ii), II-(ii) and 
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III-(ii) may be adjusted to a suitable pH before treat 
ment with addition of the alkali substance or acidic 
substance useful in the step (i) of each process. Even if 
the starting waste water or treated water before treat 
ment in each step has an initial pH of about 5 to about 
10, the pH may markedly decrease with the progress of 
the reaction, thereby reducing the ratio of decomposi 
tion of harmful substances and causing the acidic liquid 
to erode seriously the reactor, pipes, heat exchanger 
and the like. To avoid this problem, a suitable amount of 
the same alkali substance as above is desirably added to 
the reaction system so that the pH of liquid in the reac 
tion system is kept outside the range of high acidity. 

DESCRIPTION OF THE INVENTION WITH 
REFERENCE TO DRAWINGS 

The objects, features and advantages of the invention 
will become apparent from the following description of 
the invention with reference to the accompanying 
drawings which are given for illustrative purposes only 
and to which the invention is not limited. 
FIG. 1 is a flow chart illustrating one mode of the 

process I. 
FIG. 2 is a ?ow chart showing a mode of the process 

III. 
Referring to FIG. 1, the waste water containing sus 

pended solids, ammonia and COD components is sup 
plied from a waste water tank 1 under pressure through 
a line 5 by a pump 3. Then the water is mixed with an 
oxygen-containing gas pressurized by a compressor 7 
and led through a line 9. The mixture is passed via a line 
11 and a heat exchanger 13 to a line 15. Coarse solids 
present in the waste water are preferably removed or 
crushed before treatment if required. When heated to 
higher than the predetermined temperature by the heat 
transfer at the heat exchanger 13, the water is supplied 
through lines 17 and 19 to a ?rst reactor 21. On the 
other hand, when remaining at lower than the speci?ed 
temperature, the water is sent through a line 23 to a 
heater 25 and admitted via lines 27 and 19 to a ?rst 
reactor or reaction zone 21. When required, an alkali or 
acidic substance, which is usually in the form of an 
aqueous solution, is supplied from a pH regulating sub 
stance tank 29 via a line 31, a pump 33 and lines 35 and 
37 to join the waste water. The pH regulating substance 
may be sent to the waste water tank 1 via a line 32 
branched from the line 31 to adjust the pH of the waste 
water. The waste water in the ?rst reactor 21 is sub 
jected to liquid phase oxidation in the absence of a cata 
lyst and in the presence of an oxygen-containing gas. 
The treated water flowing out of the ?rst reactor 21 

is sent to a second reactor or reaction zone 39 contain 
ing a catalyst with its active component supported on a 
granular carrier wherein the water is subjected again to 
liquid phase oxidation. The oxygen-containing gas may 
be supplied from the compressor 7 through a line 41 to 
the treated water from the ?rst reactor 21. The pH 
regulating substance may be fed from the tank 29 
through the line 31, the pump 33, the line 35 and a line 
43 to the treated water. The pH regulating substance 
may be introduced at a suitable location (not shown) 
each of the ?rst reactor 21 and the second reactor 39. 
The water submitted to liquid phase oxidation in the 

second reactor 39 is passed through a line 45 into the 
heat exchanger 13 in which thermal energy is trans 
ferred to the untreated waste water. Thereafter the 
water is admitted via a line 47 to a cooler 49 and cooled 
therein. When the water passing the line 47 has a tem 
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perature of about 50° C., the cooler 49 need not be used. 
The treated water drawn off from the cooler 49 is con 
ducted via a line 51 to a gas-liquid separator 53 where 
the treated water is separated into a gas ?owing 
through a line 55 and a liquid ?owing though a line 57. 
When the treated water from the second reaction zone 
39 contains incombustible ash, the ash may be removed 
by a separating membrane, sedimentation separator or 
the like (not shown) provided on the line 57. The water 
from the line 57 is sent to an anaerobic methane fermen 
tation tank 59 wherein the water is subjected to diges 
tion. Thereafter the treated water is drawn off from a 
line 61. The excess sludge produced in the tank 59 is, for 
example, mixed with the waste water on the line 5 and 
returned to the ?rst reaction zone 21 wherein the sludge 
is treated together with the waste water to be initially 
treated. 

In the flow chart of FIG. 1, the process II can be 
carried out with use of a tank for aerobic treatment by 
an activated sludge method in place of the anaerobic 
methane fermentation tank 59. In this case, the gas from 
the line 55 may be supplied to the aerobic treatment 
tank for use as at least part of an oxygen source. The 
excess sludge produced in the aerobic treatment tank is 
returned to the ?rst reaction zone 21 and treated to 
gether with the waste water to be initially treated. 

In FIG. 2, the same numerals as used in FIG. 1 denote 
the same members as a rule. The waste water dis 
charged from a waste water tank 1 is heated by a ?rst 
heat exchanger 13 and a second heat exchanger 65. The 
Waste water thus heated is passed through a line 67 to a 
heater 25. The water further heated or not heated by the 
heater 25 is admitted into a first reactor 21 and sub 
jected to liquid phase oxidation without a catalyst. 
When required, coarse solids in the waste water may be 
removed or crushed before treatment as described here 
inbefore. The treated water is introduced into a second 
reactor 39 and submitted to liquid phase oxidation in the 
presence of a granular catalyst. The treated water flow 
ing out of the second reactor 39 is led through a line 45 
to a gas-liquid separator 53 and separated into a gas 
running via a line 77 and a liquid running via a line 79. 
The gas flowing through the line 77 is conducted to the 
heat exchanger 13 to apply thermal energy to the waste 
water and is drawn off from a line 81. On the other 
hand, the liquid running in the line 79 is sent to the 
second heat exchanger 65 to heat further the waste 
water and is admitted into the anaerobic methane fer 
mentation tank 59 via a line 83 and into the aerobic 
treatment tank 62 via the line 61 to undergo successive 
treatments. Thereafter the treated water is withdrawn 
from the line 63. In this case, the gas from the line 81 
may be sent to the aerobic treatment tank 62 for use as 
part of an oxygen source. The excess sludge produced 
in the anaerobic methane fermentation tank 59 and the 
aerobic treatment tank 62 is returned, as done in the 
process I, to the ?rst reaction zone and treated together 
with the waste water to be initially treated. 

In the process I, the treated water flowing through 
the line 45 in FIG. 1 may be optionally sent to an equiv 
alent of the gas-liquid separator shown in FIG. 2 and 
subsequently processed in the same manner as in the 
mode in FIG. 2. Likewise, in the process III, the treated 
water ?owing via the line 75 in FIG. 2 may be option 
ally admitted to an equivalent of the heat exchanger 13 
shown in FIG. 1 and subsequently processed in the 
same way as in the mode in FIG. 1. 
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According to the invention, waste water containing a 

highly concentrated suspension as well as ammonia and 
COD components can be efficiently treated. In accor 
dance with the invention, the suspended solids in the 
waste water are solubilized by the ?rst-stage wet oxida 
tion of waste water in the presence of an oxygen-con 
taining gas and in the absence of a catalyst. Subse 
quently the nitrogen-containing compounds such as 
ammonia are decomposed and the suspended solids and 
COD components are partly decomposed by the se 
cond-stage oxidation in the presence of a catalyst and an 
oxygen-containing gas. At the same time, the organic 
compounds such as high-molecular substances, biologi 
cally scarcely decomposable components and the like 
are mostly converted into lower aliphatic carbons such 
as acetic acid, etc. due to the action of the catalyst. The 
low-molecular weight biologically easily decomposable 
products in the waste water formed by liquid phase 
oxidation are ef?ciently treated by the anaerobic meth 
ane fermentation or aerobic treatment or a combination 
of these treatments. 

Consequently the waste water containing highly con 
centrated suspended solids can be effectively treated 
according to the invention. For example, waste water is 
currently treated in sewage treatment plants using an 
aeration tank for aerobic treatment with such a volume 
that the residence time of sewage sludge in the tank is 
approximately 6 to 8 hours according to the standard by 
the Ministry of Construction. When the excess sludge is 
treated according to the invention, the residence time of 
sewage sludge in such tank can be reduced to approxi 
mately §. 
The decolorization, deodorization and sterilization of 

waste water can be conducted at the same time accord 
ing to the invention. 
The present invention will be described below in 

greater detail with reference to the following examples. 

EXAMPLE 1 

Concentrated sewage sludge was treated by the pro 
cesses I, II and III according to the ?ow charts as 
shown in FIGS. 1 and 2. The sewage sludge to be 
treated had the composition as shown below in Table 1. 

TABLE 1 
pH 6.0 

CODM,I (mg/l) 9000 
CODC, (mg/l) 18500 
NH3—N (mg/l) 750 
Total-N (mg/1) 1960 
BOD (mg/1) 6100 

55 (mg/l) 20900 
TOD (mg/l) 31600 
TOC (mg/1) 6000 

Step I-(i) 
The concentrated sewage sludge was fed to a lower 

portion of the ?rst reactor 21 at a space velocity of 2.0 
l/hr (based on an empty column) and a mass velocity of 60 
7.96 t/m2 hr. Air was introduced into the lower portion 
of the ?rst reactor 21 at a space velocity of 226 l/hr 
(based on an empty column, under standard conditions). 
The waste was subjected in the reactor to liquid phase 
oxidation without a catalyst at a temperature of 250° C. 
and pressure of 90 kg/cmZ-G. 
Table 2 below shows the components and properties 

of the waste thus treated. 
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TABLE 2 

pH 6.0 
CODMn (mg/1) 2650 
CODC, (mg/1) 8900 
NH3-N (mg/l) 1500 
Total-N (mg/1) 1900 
BOD (mg/l) 7800 

SS (mg/l) 4580 
TOD (mg/l) 18100 
TOC (mg/l) 4500 

The comparison between Tables 1 and 2 shows that 
the COD Mn, CODQ, TOD and TOC were decomposed 
by the liquid phase oxidation without a catalyst at ratios 
of 70.6%, 51.9%, 42.7% and 25%, respectively. The 
BOD components were slightly increased in quantity 
by the liquid phase oxidation. Since the nitrogen-con 
taining compounds were converted into ammonia, the 
concentration of ammonia was susbtantially doubled. 

Step I-(ii) 
The waste treated in the step I-(i) was supplied to the 

second reactor 39 containing a catalyst supported by a 
granular titania carrier 4 to 6 mm in diameter. The 
reactor 39 had half the empty column volume of the 
?rst reactor 21. The waste was subjected to liquid phase 
oxidation. The reaction temperature was 270° C. and 
the pressure was the same as in the step I-(i). 

Table 3 below shows the components and properties 
of the waste thus treated. 

TABLE 3 
pH 2.2 

cor)”, (mg/l) 700 
CODC, (mg/l) 4620 
NH3-N (mg/l) 10 
Total-N (mg/l) l5 
BOD (mg/l) 2130 

ss (mg/l) 2190 
Too (mg/l) 7000 
'roc (mg/l) 2000 

The comparison between Tables 1 and 3 shows that 
CODc, and TOD were decomposed in amounts of 
13,880 mg and 24,600 mg per liter of waste water. The 
reaction was carried out without supply of heat from 
outside because of the reaction heat emitted by the 
decomposition of these components and the ammonia 
component. A heating furnace 25 as shown in the ?ow 
chart of FIG. 1 was not needed. 
The treated water obtained in the step I-(ii) was 

cooled at the heat exchanger 13 and at the cooler 49, 
and fed to the gas-liquid separator 53. The temperature 
of the water was adjusted by the cooler 49 to bring the 
temperature thereof to about 55° C. in the anaerobic 
methane fermentation tank at the ensuing step. 
None of NH3, SO; and NO; were detected in the 

exhaust gas from the gas-liquid separator 53. 
Step I-(iii) 
The treated water from the step I-(ii) was introduced 

into a sedimentation separator (not shown) to remove 
the remaining SS portion. Ninety-?ve % or more of the 
separated SS was incombustible ash. The water from 
the sedimentation separator was adjusted to a pH of 
about 7.5 with a 10% solution of sodium hydroxide and 
then sent to the anaerobic methane fermentation tank 
59. The tank 59 was of the ?uidized bed type in which 
porous ceramic particles of 300 um diameter with bac 
teria deposited thereon were suspended by a circulating 
pump. 
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Table 4 below shows the quality of water obtained by 
the anaerobic digestion (result attained by the process 
I). . 
The excess sludge from the digestion step was re 

turned to the step I-(i) and treated. 5 

TABLE 4 

pH 7.3 
CODM" (mg/l) 105 
CODC, (mg/l) s32 
NH3—N (mg/l) 5 10 
Total-N (mg/1) 8 
BOD (mg/1) 148 

SS (mg/l) 40 
TOC (mg/1) 200 

15 
Step II-(iii) 
The water (SS removed, about 35° C.) treated in the 

steps lI-(i) and II-(ii) in the same manner as done in steps 
I-(i) and l-(ii) was subjected to aerobic treatment by an 
activated sludge method. 2 

Table 5 below shows the quality of water (result 
attained by the process 11) obtained by the aerobic treat 
ment. 

TABLE 5 
pH 7.1 25 

CODM" (mg/1) 8 
NH3—N (mg/l) 3 
Total-N (mg/l) 5 
BOD (mg/1) 10 

SS (mg/1) 1 
TOC (mg/1) 1O 30 

The excess sludge from the aerobic treatment was 
returned to the step II-(i) and treated again. Step III-(iv) 
The water treated in the same manner as in the steps 

I-(i), I-(ii) and I-(iii) was subjected to aerobic treatment 
in the activated sludge treatment tank 62. 
The quality of water obtained by the aerobic treat 

ment is shown below in Table 6. 

TABLE 6 40 

pH 
CODMI'X (mg/1) 
Nl-I3—N (mg/l) 
Tota1~N (mg/l) 
BOD (mg/l) 

35 (mg/1) 
TOC (mg/l) 

EXAMPLE 2 

Concentrated sewage sludge was treated by the pro- 50 

35 

45 
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The step lI-(i) was executed in the same manner as 

the step l-(i) in Example 1 with the exception of em 
ploying a temperature of 260° C. and a pressure of 95 
kg/cmz-G. 
The step ll-(ii) was executed in the same manner as 

the step l-(ii) in Example 1 with the exception of em 
ploying a temperature of 280° C. and a pressure of 95 
kg/cmz-G. 
The treated water from the step Il-(ii) was ?ltered by 

a ultr?lter to remove the suspended solids. The residue 
was adjusted to a pH of 6.8 with a solution of sodium 
hydroxide and was subjected to aerobic treatment at 
about 35° C. Ninety-?ve % of the removed suspended 
solids was incombustible ash, which was then with 
drawn. 

Table 7 below shows the quality of water at each 
outlet of steps. 

TABLE 7 

Outlet of step Outlet of step Outlet 01" step 
ll-(i) lI-(ii) lI-(iii) 

pH 7.1 2.3 6.7 
COD (mg/l) 2200 91 2 
NH3—N (mg/l) 1810 Trace Trace 
Total-N (mg/l) 2210 8 5 
BOD (mg/l) 6100 120 5 
55 (mg/l) 3840 1200 1 
TOD (mg/l) 11300 800 15 
TOC (mg/1) 2700 230 8 

None of NH3, SOX and NOX were detected in the 
exhaust gas from the gas-liquid separator 53. 
The decomposition percentage of components in 

each step was not reduced even after treatment of con 
centrated sewage sludge containing highly concen 
trated suspended solids for a total of 2000 hours. Thus 
the subsequent treatments were performed without 
problem. 

EXAMPLES 3 TO 12 

The same concentrated sewage sludge as used in 
Example 1 was treated by the process II according to 
the ?ow chart of FIG. 2. 
The space velocity of liquid was 1.0 l/h in the step 

ll-(i) (based on an empty column) and 1.33 l/h in the 
step ll-(ii) (based on an empty column). 

Spherical catalysts shown in Table 8 below were used 
in the step Il-(ii). 
The other conditions than the above are the same as 

those employed in Example 1. 
Table 8 also shows the quality of water obtained in 

the steps ll-(ii) and ll-(iii). 
TABLE 8 

Outlet of step Outlet of step 
Catalyst in ll-(ii) (mg/ll IHiii) (mg/1) 

Ex. step ll-(ii) COD component NH3—N COD component Nl'lg-N 

3 2% Rhodium 201 26 9 8 
4 2% Palladium 110 20 7 6 
5 2% Iridium 101 39 11 8 
6 0.5% Platinum 180 29 13 9 
7 10% Cobalt 230 40 8 15 
8 10% Nickel 460 59 15 4O 
9 20% Manganese 303 29 10 20 
1O 5% Tungsten 410 160 20 150 
ll 5% Copper 590 130 20 120 
12 5% Iron 301 190 25 135 

cess ll according to the flow chart of FIG. 1. The con- We claim: 
centrated sewage sludge had the same composition as 
the sludge treated in Example 1. 

1. A process for treating waste Water by wet oxida 
tions which contains at least two components among 
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suspended solids, ammonia and COD components, the 
process comprising the steps of; 

(i) subjecting waste water to liquid phase oxidation in 
the absence of a catalyst and in the presence of an 
oxygen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxy 
gen-containing gas and a catalyst supported by a 
granular carrier and comprising at least one of iron, 
cobalt, manganese, nickel, ruthenium, rhodium, 
palladium, iridium, platinum, copper, gold and 
tungsten and compounds thereof insoluble or spar 
ingly soluble in water, 

(iii) subjecting the treated water from the step (ii) to 
anaerobic digestion by anaerobic methane fermen 
tation, and 

(iv) returning the excess sludge from the step (iii) to 
the step (i). 

2. A process as de?ned in claim 1 wherein the waste 
water is subjected to the step (i) at a pH of about 5 to 
about 10. 

3. A process as de?ned in claim 2 wherein the waste 
water is subjected to the step (i) at a pH of about 6 to 
about 9. 

4. A process as de?ned in claim 1 wherein the temper 
ature in the step (i) is about 100° to about 370° C. 

5. A process as de?ned in claim 4 wherein the temper 
ature is about 200° to about 300° C. 

6. A process as de?ned in claim 1 wherein the active 
component of the catalyst used in the step (ii) is at least 
one of iron, cobalt, manganese, nickel, ruthenium, rho 
dium, palladium, iridium, platinum, copper, gold and 
tungsten. 

7. A process as de?ned in claim 1 wherein the active 
component of the catalyst used in the step (ii) is at least 
one of compounds insoluble or sparingly soluble in 
water of iron, cobalt, manganese, nickel, ruthenium, 
rhodium, palladium, iridium, platinum, copper, gold 
and tungsten. 

8. A process as de?ned in claim 7 wherein the active 
component of the catalyst is at least one of oxides, chlo 
rides and sul?des. 

9. A process as de?ned in claim 1 wherein the temper 
ature in the step (ii) is about 100° to about 370° C. 

10. A process as de?ned in claim 9 wherein the tem 
perature is about 200° to about 300° C. 

11. A process as de?ned in claim 1 wherein the step 
(iii) is carried out at a temperature of about 35° to about 
60° C., a digesting time of about 1 to 30 days and a 
sludge concentration of about 2 to about 5%. 

12. A process for treating waste water by wet oxida 
tions which contains at least two components among 
suspended solids, ammonia and COD components, the 
process comprising the steps of; 

(i) subjecting waste water to liquid phase oxidation in 
the absence of a catalyst and in the presence of an 
oxygen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxy 
gen-containing gas and a catalyst supported by a 
granular carrier and comprising at least one of iron, 
cobalt, manganese, nickel, ruthenium, rhodium, 
palladium, iridium, platinum, copper, gold and 
tungsten and compounds thereof insoluble or spar 
ingly soluble in water, 

(iii) subjecting the treated water from the step (ii) to 
aerobic treatment by an activated sludge method, 
and 
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(iv) returning the excess sludge from the step (iii) to 

the step (i). 
13. A process as de?ned in claim 12 wherein the 

waste water is subjected to the step (i) at a pH of about 
5 to about 10. 

14. A process as de?ned in claim 13 wherein the 
waste water is subjected to the step (i) at a pH of about 
6 to about 9. 

15. A process as de?ned in claim 12 wherein the 
temperature in the step (i) is about 100° to about 370° C. 

16. A process as de?ned in claim 15 wherein the 
temperature is about 200° to about 300° C. 

17. A process as de?ned in claim 12 wherein the 
active component of the catalyst used in the step (ii) is 
at least one of iron, cobalt, manganese, nickel, ruthe 
nium, rhodium, palladium, iridium, platinum, copper, 
gold and tungsten. 

18. A process as de?ned in claim 12 wherein the 
active component of the catalyst used in the step (ii) is 
at least one of compounds insoluble or sparingly soluble 
in water of iron, cobalt, manganese, nickel, ruthenium, 
rhodium, palladium, iridium, platinum, copper, gold 
and tungsten. 

19. A process as de?ned in claim 18 wherein the 
active component of the catalyst is at least one of ox 
ides, chlorides and sul?des. 

20. A process as de?ned in claim 12 wherein the 
temperature in the step (ii) is about 100° to about 370° C. 

21. A process as de?ned in claim 20 wherein the 
temperature is about 200° to about 300° C. 

22. A process as de?ned in claim 12 wherein the step 
(iii) is carried out at a temperature of about 20° to about 
40° C. and a residence time of about 3 to 24 hours. 

23. A process for treating waste water by wet oxida 
tions which contains at least two components among 
suspended solids, ammonia and COD components, the 
process comprising the steps of; 

(i) subjecting waste water to liquid phase oxidation in 
the absence of a catalyst and in the presence of an 
oxygen-containing gas, 

(ii) subjecting the treated water from the step (i) to 
liquid phase oxidation in the presence of an oxy 
gen-containing gas and a catalyst supported by a 
granular carrier and comprising at least one of iron, 
cobalt, manganese, nickel, ruthenium, rhodium, 
palladium, iridium, platinum, copper, gold and 
tungsten and compounds thereof insoluble or spar 
ingly soluble in water, 

(iii) subjecting the treated water from the step (ii) to 
anaerobic digestion by anaerobic methane fermen 
tation, and 

(iv) subjecting the treated water from the step (iii) to 
aerobic treatment by an activated sludge method, 
and 

(v) returning the excess sludge from the steps (iii) and 
(iv) to the step (i). 
24. A process as de?ned in claim 23 wherein the 

waste water is subjected to the step (i) at a pH of about 
5 to about 10. 

25. A process as de?ned in claim 24 wherein the 
waste water is subjected to the step (i) at a pH of about 
6 to about 9. 

26. A process as de?ned in claim 23 wherein the 
temperature in the step (i) is about 100° to about 370° C. 

27. A process as de?ned in claim 26 wherein the 
temperature is about 200° to about 300° C. 

28. A process as de?ned in claim 23 wherein the 
active component of the catalyst used in the step (ii) is 
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at least one of iron, cobalt, manganese, nickel, ruthe 
nium, rhodium, palladium, iridium, platinum, copper, 
gold, and tungsten. 

29. A process as de?ned in claim 23 wherein the 
active component of the catalyst used in the step (ii) is 
at least one of compounds insoluble or sparingly soluble 
in water of iron, cobalt, manganese, nickel, ruthenium, 
rhodium, palladium, iridium, platinum, copper, gold 
and tungsten. 

30. A process as de?ned in claim 29 wherein the 
active component of the catalyst is at least one of ox 
ides, chlorides and sul?des. 
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31. A process as de?ned in claim 23 wherein the 

temperature in the step (ii) is about 100° to 370° C. 
32. A process as de?ned in claim 31 wherein the 

temperature is about 200° to about 300° C. 
33. A process as de?ned in claim 23 wherein the step 

(iii) is carried out at a temperature of about 35 to about 
60° C., a digesting time of about 1 to 30 days and a 
sludge concentration of about 2 to about 5%. 

34. A process as de?ned in claim 23 wherein the step 
(iv) is carried out at a temperature of about 20° to about 
40° C. and a residence time of about 3 to about 24 hours. 
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